ABSTRACT On the assumption that short term changes in lung function may reflect the potential for a long term decline the evolution of lung function indices in 25 steelworkers from a strandcasting department and in 11 comparable steelworkers not exposed to dust was investigated over an almost uninterrupted 21 day working period and over three different workshifts. The mean total dust level in the strandcasting department, assessed by personal sampling, was 11-8 mg/m3. All subjects were examined at the beginning, in the middle, and at the end of their first (day 1) morning shift (0600 to 1400), their last (day 14) afternoon shift (1400 to 2200), and their last (day 21) night shift (2200 to 0600). Indices measured were vital capacity (VC), forced expiratory volume in one second (FEV,) and in three seconds (FEy3), forced expiratory flow over the middle half of the forced vital capacity (FEF25,7), peak expiratory flow rate (PEFR), the slope of the NI plateau (AN2) and the closing volume (CV) of the single breath oxygen test. Differences in indices between initial values (0600 on day 1) and final values (0500 on day 21) were not significant in the control group (except AN2 which became lower); in the casting group there were significant (p < 0-05) decreases in FEF25_75 and FEV3, but these decreases were not significantly greater than in the control group. Lung function changes were not significant in either group over the morning shift. During the afternoon there were significant decreases in spirometric indices in the casting group, with no significant decreases in the control group, but the interactions between exposure and time were generally not significant. During the night shift, however, the decreases in FEV, and FEF25_75 observed in the strandcasting group were significantly more pronounced than in the control group. The single breath test, which many subjects failed to perform correctly on each occasion, showed no significant changes in closing volumes, and an "improvement" of AN2 over the morning and the night shift in the control but not the exposed subjects needs to be interpreted with caution. The more pronounced decrease in spirometric indices, suggestive of slight airways obstruction, found over the night shift in the strandcasting workers is attributed to their working environment.
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The main exogenous determinant in the causation of chronic obstructive lung disease is cigarette smoking, but occupational exposure to industrial pollution in the steel and other industries also causes progressive decreases in lung function. '2 On the assumption that short term changes in lung function may reflect the potential for a long term decline, we investigated the acute and subacute effects of exposure to a dusty work environment in a group of steelworkers from the strandcasting department of a steel mill near Brussels. For this Nemery, Van Leemputten, Goemaere, Veniter, and Brasseur progressively solidifies and produces a bar of deter-casting department with two casting machines mined width and thickness that is cut into desired worked by 26 people during each shift: operators in lengths at the outlet of the casting machine.3 the control cabin and cranes, maintenance workers One of the features of the working environment in and bricklayers, and workers directly concerned a strandcasting department is the presence of high with the casting itself. We decided to study only the levels of dust.4 Some of this dust comes from the latter subjects (1 or 12 subjects per shift) since they covering powder which is added to the surface of the seemed to be most exposed to dust and were most metal in the mould for reasons of lubrication, pre-likely to form a homogeneous group so far as type, vention of oxidation, and thermal buffering. These quantity, and duration of exposure were concerned. powders are composed of variable (depending on These 47 workers were either ladle operators the requirements for each type of steel) amounts of ("couleurs-poche"), tundish operators ("couleursCaO, SiO2, A1203, and smaller quantities of panier"), and powdermen ("hommes-poudre").
fluorides (CaF2, NaF, Na3AlF6), carbonates, and Figure 1 illustrates the positions and general enviother components.
ronment of these workers. The ladle operators control the outflow of the steel from the ladle; they The work at the plant is organised in 21 consecutive working days followed by seven days without working. The 21 days working period is divided in three periods of seven days each: on days 1 to 7 the workers work from 0600 to 1400 (morning shift), on days 8 to 14 from 1400 to 2200 (afternoon shift), and on days 15 to 21 from 2200 to 0600 (night shift). Thus four teams of workers provide a continuous production. In reality, most workers often interrupt their long working period by taking one or more days off.
Our aim was to examine each worker on day 1 (first morning), day 14 (last afternoon), and day 21 (last night). In order to reduce the duration of the study, however, we assumed that values obtained on one particular day of a working period would be valid for those of the same day during another working period. We Lung function measurements were made at the beginning, in the middle, and before the end of each shift (at about 1400, 1800, and 2100 for the afternoon shift, 2200, 0200, and 0500 for the night shift, and 0600, 1000, and 1300 for the morning shift). Testing was made in a temporarily fitted store in the immediate vicinity of the casting department.
Of the 47 eligible subjects, 25 were effectively examined on all three days, and it is their data that form the essence of this paper. Three subjects were never studied, one because of illness during the whole period of the study, one because of holiday, and one who was at work but proved totally unable to perform the lung function tests and claimed to suffer from ill defined respiratory problems. Of the remaining subjects, 18 were studied twice (six on days 1 and 14, five on days 1 and 21, and seven on days 14 and 21) and one subject was studied once (day 1). All these subjects were on compensatory or paid leave on the missing day, except for one man who although being at work did not wish to participate because he did not feel well on that day, and one man who was on sickness leave (for a nasal polypectomy he had undergone four weeks before).
To serve as a control group 21 workers from non-dusty areas of the sheet rolling mill in the same steel works and working according to the same shift schedule were asked to participate in the study on the occasion of their annual medical examination. The list of these workers had been drawn up by the clerk of the occupational medicine service. Two subjects refused to take part and seven were not enrolled in the study because they said they would not work on all three scheduled study days. Eventually, because one of the 12 remaining subjects was absent Nemery, Van Leemputten, Goemaere, Veriter, and Brasseur on day 1, the control group comprised 11 subjects who were studied in the following order: day 14, day 21, and day 1 (see table 1 ). They were examined in the infirmary of the plant during the three weeks that followed the prime study and according to the same protocol as the workers from the casting department.
Methods
Before the actual study the workers underwent a medical examination with special emphasis on respiratory problems and occupational history. On this occasion the purpose and the practical aspects of the study were explained and the subjects made familiar with the tests to be performed. It was made clear that participation was not obligatory and that individual results would be kept confidential. During the actual study, on each occasion the time was recorded, the subjects had their oral temperature measured with a clinical thermometer and were asked how many cigarettes they had smoked. They then blew, standing, three to five times in a miniWright peak flowmeter (Airmed) and performed the spirometric test and the single breath test. For reasons of expedience the order of these was not necessarily identical on each occasion. During the first and last examination of the morning and night shift they also gave a urine sample for urinary fluoride analysis.
LUNG FUNCTION MEASUREMENTS
Spirometry was undertaken with a Godart Expirograph in the sitting position and with a noseclip. At least three slow vital capacities and three forced expiratory manoeuvres were performed. There were two spirometers and subjects performed the tests on the same apparatus and with the same technician throughout. On the tracings vital capacity (VC), forced vital capacity (FVC), forced expiratory volume in one second (FEVy) and in three seconds (FEV3), flow rate from 25% to 75% of the FVC (FEF2,75) were measured and converted to BTPS according to the reading of the temperature measured at the outlet of the spirometer. The measurements were made according to the recommendations of the American Thoracic Society, in particular the largest values of each index were taken even if they did not come from the same manoeuvre.5 In the few instances where VC was less than the FVC the value of FVC has been taken as VC.
The single breath test was performed using the nitrogen method. The subject slowly inspired a full vital capacity or pure oxygen from a bag-in-box connected to a water spirometer and expired again slowly (through an orifice of 4 mm diameter) into the spirometer; the in-and expired N2 concentration was measured by a Nitrogen analyser (Hewlett Packard 47302A), the needle valve of which was located in the body of a Rudolph valve of 25 ml dead space. The volume (X) and N2 concentration (Y) were recorded on an XY recorder (Bryans XY recorder 26000 A3) and the slope of the N2 plateau (AN2) was calculated according to Buist and Ross6 as the increase in N2 concentration per litre BTPS expired. Calibrations of the N2 concentrations were made regularly with a standard O2/N2 mixture and the temperature of the spirometer was recorded on each occasion. The closing volume (CV) was measured from the point of departure of the curve and expressed as a percentage of the expired vital capacity as obtained from the test.' Tracings were rejected if either the inspired or the expired volume was below 90% of the spirometric VC or if the expiratory flow was more than 0 5 V/s. Originally it had been planned to have at least two satisfactory tests from each subject at each time. Because of the time constraints, however, this objective proved impossible and it was soon reduced to one satisfactory manoeuvre only. Even so, some subjects had to perform up to three manoeuvres (with five minutes interval between each), sometimes without success, and several tracings had to be rejected.
MEASUREMENTS OF URINARY FLUORIDES
Urinary fluorides were determined with an ion specific electrode according to Tu's8 and expressed as ,ug/g creatinine.9
MEASUREMENTS OF DUST LEVELS
In the casting department dust was sampled during two afternoon shifts and two morning shifts (see table 1) by both personal and static sampling devices. Seven personal samples were taken with either. Minicasella (n = 4) or MSA (n = 3) pumps with sampling in the worker's breathing zone (sampling velocity 1-5 to 2 /min, fibre glass filters with retention capacity of 0-3 to 0-5 ,um). Sampling was made while the worker was actually performing his specific job during the casting. The total duration of the sampling was 20 hours 14 minutes (mean duration per worker 2 hours 53 minutes, SD 29 minutes). 
Results

ANTHROPOMETRIC AND OTHER CHARACTERISTICS
The exposed and control populations were comparable so far as age, height, and weight were concerned (table 2) . Slightly more workers in the casting department reported symptoms of chronic bronchitis than in the control group. None of the lifelong non-smokers reported chronic cough or expectoration, and apart from one subject in the casting department who reported previous episodes of wheezing not related to work, none reported having or having had bronchial asthma. One subject from the casting group mentioned allergic rhinitis in his medical history.
The differences in the proportions of never smokers, ex-smokers, and current smokers between the two groups are not significant. The current smokers from the control group had a significantly higher daily cigarette consumption than those from the casting group. Three of the four ex-smokers in the latter group had stopped smoking less than two months before the start of the study. The workers from the control group had been employed for a longer time in the factory than those from the exposed group. Two subjects in each group had previously worked in mining but they had no pneumoconiosis.
EXPOSURE DATA
The total dust concentrations as assessed with the personal samplers ranged from 9.9 to 13-8 mg/m3 (mean 11-8 + 1-7 mg/m3). The levels were comparable for the three job categories. The total dust concentrations found in the vicinity of the ventilators were 3*3 mg/m3 and 1*2 mg/m3, with 49% of the latter value being "respirable" dust (<5 am). The total dust concentrations found further away from the ventilators, across the mould, were 51-7 mg/m3 and 17*4 mg/m3, with 20% of the former being respirable dust.
Water soluble fluorides measured in the dust from the personal samplers amounted to 61 + 30 ,ug/m3 or 0 5 + 0-2% of the total dust. In the dust sampled next to the ventilators fluoride concentration was 4-2 tkg/m3 or 0-13% of the total dust, and in that from the opposite side of the mould it was 53 ,g/m3, 0 3% of the total (one measurement on each side only).
In the halls from which control subjects came two static samplings yielded a total dust concentration of smoking and smoking subjects in either group, except in one instance-namely, FEV1 in the control group. In the casting group the trend was towards lower values in non-smokers (FEVy 95 0 ± 7-6% in non-smokers, v 99-6 + 9 0% in smokers), and the converse was true in the control subjects (FEV, 106*0 + 5-5% in non-smokers v 95-9 + 6-8% in smokers). Table 4 gives the mean values and standard deviations of all the indices obtained on the nine occasions in the two groups. Figure 2 illustrates the evolution of VC, FEVI, FEF2_75, and AN2 and the smoking data. The mean times at which the testing was done did not differ between the two groups, except during the night shift when control subjects were examined 26 minutes later for their first measurement and 41 minutes earlier for their second.
Differences between the first value (around 0600 on day 1) and the last value (around 0500 on day 21), evaluated by paired t test, were not significant in the control group, except AN2 which became lower. In the casting group, however, they were significant for FEF25-7, (p = 0 04) and FEV3 (p = 0.03) and reached p = 0-09 for FEV,. Although the differences between the casting and control groups seem considerable (respectively: -217 ml/s v -9 mi/s for FEF25 7-i;-93 ml v 0 ml for FEV3; -69 ml v -32 ml for FEVy) the drop is not significantly greater in the casting group than in the control group because of the large errors in these changes.
Within the morning shift (day 1) no significant trend was found for any of the indices, except for FEF2,_7 which showed a mid-morning dip in controls. In the casting group the values for FEV, and FEF25 75 tended to be lowest to start, whereas the control subjects tended to have a higher value at the start. The interaction factors between exposure and time were not significant, except for FEF25_75 and AN2. The latter index tended to rise in the casting group and to decrease in controls.
During the afternoon shift (day 14) there were significant decreases in VC, FEV,, FEV group, the interaction factor being significant. On the other hand AN2 did not change in the exposed group, but "improved" significantly in the control group.
The number of cigarettes smoked by the smokers on arrival at work and between measurements tended to be higher in the non-exposed than in the exposed subjects. Mean oral temperature did not vary by more than 040C over the duration of one shift.
The characteristics of the subjects whose data are not presented in the results because their lung function was not measured on all three days, did not differ from those of the 25 subjects of the actual study group. Their mean age was slightly higher (37.1 + 8-2 y, p > 0.1) and their mean height and weight were similar. The proportions of subjects with symptoms were identical and so was the distribution of smoking habits (2 non-smokers, 3 exsmokers, 15 current smokers, 1 occasional smoker, 18-9 + 15-3 pack years for the smokers, and 18&9 + 9-8 cigarettes/day for the current smokers). The duration of employment at the casting department was similar (3.9 + 1-8 years) but that at the plant was longer by 4-6 years (p < 0.01). In the medical histories of these subjects there was one childhood asthma, one allergic rhinitis, one "pneumopathy following exposure to plastic fumes" and one recent tuberculosis pleurisy. Initial lung values did not differ between the two groups, and for all indices (lung function, cigarettes smoked, urinary fluoride) the evolution in subjects with incomplete lung function data confirmed that of the actual study group.
Discussion
In the present study we have compared the evolution of lung function indices within three shifts and over a 21 day period in two groups of steelworkers, one group working in a polluted area, the strandcasting department, the other in a non-polluted area from the same plant. We are confident that, except for exposure to dust, the two groups were as comparable as can be reasonably expected. Ages and physical characteristics were almost identical, baseline lung function indices were similar; all subjects were in good health on the basis of their medical histories and clinical examinations; the proportions of smokers and nonsmokers were comparable (although the smokers of the unexposed group tended to smoke more); all subjects worked according to the same shift schedule; and both groups were studied by the same team and according to the same procedures in less than two months.
Differences between the two groups include the duration of employment in the factory (shorter in the exposed subjects), the mode of enrolment in the study, and the size of the groups. Differences in duration of employment could conceivably reflect different selection effects in the two populations, but we hope that this did not bias our results. For the exposed group our aim was to obtain data from all subjects from three defined job categories, whereas the control group consisted of a sample of subjects from various non-dusty jobs. Among these subjects, only those who were willing and able to attend all Lung function measurements over 21 days shiftwork in steelworkers from a strandcasting department 609 three sessions were enrolled. Therefore, in the exposed group, only 25 of 47 subjects provided a full set of data as against 11 of 12 subjects in the control group. To allow for a possible bias resulting from our prior exclusion from the control group of those who would not or could not fully participate, and also to make comparisons easier, we have presented only the results from subjects with complete data. The inclusion of the other results, however, does not invalidate or substantially alter the findings. The reasons why the control group is much smaller than the study group relates to the reluctance from the management, the workers themselves, and to some extent even the investigators, to undertake extensive and time consuming testing just for the sake of obtaining "control values." This human constraint in field research reduces the statistical power of the analysis, but a low number of control subjects should not by itself lead to wrong conclusions when statistical differences are found.
We are aware that the finding of isolated significant results among a large number of statistical tests has little meaning if the tests are performed in an exploratory way, particularly when most indices correlate with one another. In this instance, however, we assessed only the statistical significance of findings related to previously asked questions of biological relevance-namely, whether indices changed over a shift and over the 21 day work period. On the other hand, finding significant tests in more than one related index was not taken as increased statistical significance but rather as suggesting that the results were internally consistent.
The exposure of the workers in the strandcasting department was assessed by both environmental and urine measurements. Dust sampling made by personal pumps showed that the exposure to dust during operations was uniformly high in the three jobs. The average of almost 12 mg total dust per m3, is above the threshold limit value of 10 mg/m3 advocated for "nuisance" dusts,'3 but this is apparently not unusual in steel mills.' That personal sampling is far more reliable than static sampling for assessing actual exposure is well illustrated by the widely different dust levels obtained by static samplers: 1-2 to 51 7 mg/m3 depending on the position of the sampling with respect to the ventilators and the source of the dust. Most probably the major part of the dust originated from the powder spread over the molten steel in the mould. This powder contains a small percentage of fluorides, which were found in the dust samples collected. In the exposed workers urinary fluoride concentrations also increased by about 80% over their first shift after a week at home, thus confirming that at least part of the dust to which they were exposed at work had reached their airways.
The urinary concentrations of fluorides found in the study are all well below toxic levels,'4 but they show that urinary fluoride can be a useful biological marker of exposure to ambient dust. A similar conclusion has been recently obtained from a study of welders.'5 The absence of an increase in urinary fluoride over the last shift indicates that an equilibrium between intake and excretion of fluorides had been readily achieved.
Because the work pattern consisted in working during 21 consecutive days followed by seven days at home, we thought that this relatively long period of exposure without the normal weekend break might lead to detectable effects on lung function. The interpretation of the comparisons between initial (day 1) and final (day 21) lung function indices is difficult, however. In the exposed workers there was a significant (FEF23_75, FEV3) or suggestive (FEVJ) reduction in spirometric indices between these two points. Since the times at which these measurements were made were close (0620 on day 1 and 0500 on day 21) a simple effect of circadian variation cannot explain the observed changes, and since the control subjects did not show these decreases, it is tempting to attribute the development of slight airways obstruction to the high dust levels in the strandcasting department. When the changes in the two groups are compared with each other, however, this does not yield a significant result because of the large errors associated with these changes. Whether a significant worsening of lung function due to occupational exposure did occur over this period thus remains open. Some studies have detected a change in lung function over a working week and have attributed this to occupational exposure, without, however, comparing the evolution in exposed subjects with that in non-exposed controls. '6 " The analysis of lung function changes within shifts showed more clearcut differences between the casting group and the control group.
Over the morning shift no consistent pattern of variation in spirometric indices emerged in either group. We were surprised that in the control group the spirometric indices did not increase towards midday, as has been often observed in studies of circadian variation in lung function. '8 -20 The pattern observed in the exposed workers, although not significant, conformed more to expectation. So did the evolution of lung function during the afternoon shift, when both groups showed a progressive decline in spirometric indices. The decrease was significant only in the exposed subjects and was more pronounced than in the control subjects, although this was statistically significant for VC only. By contrast, during the night shift the decreases in FEVI and FEF2575 were significantly group.bmj.com on June 26, 2017 -Published by http://oem.bmj.com/ Downloaded from Nemery, Van Leemputten, Goemaere, Veriter, and Brasseur greater in the workers exposed to dust than in the control subjects.
So far in this discussion we have not dealt with the results from the reputedly more sensitive single breath test,2' nor with the PEFR, which was obtained with the recently introduced mini-Wright peak flow meter. For the latter index no within shift pattern was statistically significant, except for a decrease during the night in control subjects. Moreover, the mean values of PEFR did not correlate with those of FEV, (R = 0-20 in the exposed group, R = 0-46 in the control group) which does cast doubt on the validity of measuring PEFR in normal people when only small changes in lung function are expected. This does not mean that PEFR may not be extremely useful in the detection and follow up of occupational asthma as was elegantly shown by Burge et al.2223 The main problem with the single breath test appeared to be that of obtaining satisfactory tracings. Because the time for testing was short, as the workers were not supposed to stay away from production too long, we had to settle for one "good" test on each occasion. Even so, despite considerable experience of the operator with this test, many workers did not manage to perform the manoeuvre correctly and many tracings had to be rejected.
Therefore the results for the single breath indices are based on a smaller data base than for the spirometric indices. The closing volume remained perfectly constant throughout the study period in the control subjects, and did not show any significant worsening in the exposed subjects, although with more subjects the trend could well have been significant. With AN2 the differences between the two groups yielded the highest degrees of significance. This was due to a decrease in values in control subjects that was not observed in the exposed workers. It could therefore be argued that in the control subjects some improvement in ventilation distribution took place over the shift and that this failed to occur in the exposed subjects. Nevertheless, we want to remain cautious about such an interpretation in view of the small numbers of subjects, and in view of the sensitivity of this measurement to so many factors24 that we may not have adequately controlled despite our efforts. The only comparable study25 in which these measurements were made does not allow us to support or to refute our interpretation.
Several studies of coal miners,25-27 chemical workers, '6 cotton workers,'8 grain handlers,' and workers in various other occupations28 29 have investigated the effects of industrial pollution on lung function over a workshift. Most of these studies have involved small numbers of subjects, and many did not include appropriate control subjects or take the circadian lung function variation properly into account. Nevertheless, and although "positive" results tend to be overreported, the overall conclusion from these studies is that lung function tends to decrease more over a workshift in workers exposed to pollution than in non-exposed or less exposed subjects. Our study, which is the only one in which the same workers provided data on all three shifts, reaches a similar conclusion for the night shift at least. We interpret the worsening of lung function indices, suggestive of slight airways obstruction, in the exposed workers as an effect of their working environment. Smoking may be excluded because both groups included similar proportions of smoking and non-smoking subjects, and, if anything, the exposed smokers smoked slightly less than the nonexposed ones. In this study we can only globally incriminate the high dust levels present in the strandcasting department; however, a specific component of the dust or the presence of irritant gases should be considered.
Since the excess deterioration in lung function was only clearly manifest during the night shift at the end of the 21 day working period, it would appear that the acute response to the work environment had become worse during the course of this long, quasi uninterrupted working period. Alternatively, the decrease may have been more pronounced simply because the tolerance to the insult may be less or the responsiveness of the airways higher during the night. This aspect should be further investigated.
The mechanisms and the long term significance of the small changes observed in this study are not known. Does increased circadian variation in lung function result from a reflex response to upper airway irritation30 or does this point to increased bronchial reactivity? The latter is now increasingly considered a possible marker of or a contributory factor to the development of chronic airflow limitation (cf the renewed interest in the "Dutch hypothesis"3'). Despite the uncertainties about the long term significance of the findings of this study it was probably justified to consider the changes to be adverse and to recommend a reduction of the dust levels in the strandcasting department.
Finally, one result which could not be quantified is the unique human experience we gained while staying several times for more than 24 hours in close contact with the workers, thus getting to know their work and environment much better than in any other occupational field study. The resulting mutual respect may have contributed to a remarkable degree of cooperation which was essential for the success of this study and for which we wish to thank all the workers concerned. 
